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Oligo- and polythiophenes are well-known semiconducting e
organic molecules and are of great interest as potential molecular N
wire candidate$? We report herein the synthesis of oligothiophenes s N Bugsn L
end-functionalized with isocyanides and characterization of their SR A S /s
chemisorption to platinum surfaces. While much work has described B hze Zomm 2
the coupling of low band-gap organic molecules to gold surfaces 2% o

via gold—sulfur bonds’* specific chemisorption of molecules of  Figure 1. Structure of oligothiophene isocyanidéa—d and respective
this type to other metal surfaces has been less well-expféred.  end-to-end length. The structure of quaterthiophene stannane building block
Gold is a convenient electrode material with regard to patterning 2 is shown on the right.
a_nd chemisorpt_ive att_achme_r_n of organic thic_;l;,_ but it has significgnt Scheme 12
disadvantages in grain mobility and susceptibility to surface etching
by thiols8 it is therefore useful to investigate conjugated moleeule H\Fo H\Fo
metal interfaces with more refractory metals such as platinum. This N yN /\
study details the first synthesis of isocyanide-functionalized oligo- Ss—Br (). (o) S g  JBr (©

. . g . \ [ ——— \ /) h —— lad
thiophenes and characterization of their assembly on both platinum 3

. 4; =4
surfaces and nanoparticle form. @. 0 Togpnog @b
Different device applications may require molecular coupling @ () Cogg n13
to metal in both bulk and nanoparticular fornfiurther, they will aReagents and conditions: (a) Pd(RRhtoluene reflux2; (b) NBS,

have different length requirements for the molecular bridge between CHCI; (c) triflic anhydride, DIEA, CHCl..
metal source and drain electrodes. Thus, we have prepared a family. ) . ) ) o

. . . ; . - . Table 1. Absorption and Emission Maxima, First Oxidation
of oligothiophene monoisocyanides in which the members differ piantials of 1a—d in Solution and as a SAM on a Platinum
only by the number of thiophene units, to investigate the dependenceglectrode, and Film Thickness on a Platinum Surface?
of platinum surface self-assembly on oligothiophene length. Regio-

N R A UV (nm) Fl (nm) Epa (MV) Epa(mV) film thickness
regularly alkylated oligothiophends—d, with calculated end-to- A A (soln) (SAM) (nm)
end lengths of 2.6, 4.0, 5.5, and 7.0 nm, respectively (Figure 1), 1a 209 542 250 210 18
were readily synthesized by cycles of thiophene terminal bromi- 1, 419 551 420 430 30
nation and Stille couplingswith stannane as a quaterthiophene 1c 423 555 410 440 4.1
building block through intermediaté&sand4 (Scheme 1). Isobutyl d 430 555 400 450 5.3

functionalty in one/-position of each thiophene ring df was a Absorption and emission maxima were acquired in,CH Cyclic
installed to impart organic solvent solubility by inhibiting effective voltammetpry was measured at a scan rate of 180 fTNI’BéH2C|2 ¥Nith
stacking of the flat ring systems. Isocyanide functionality was 0.1 M BuNPF; using a Ag/AgCl standard electrode and Pt disk working
introduced in the final step of oligothiophene synthesis by dehydra- electrode. For details, see Supporting Information.
tion of a terminal phenyl formamidé. The ground-state similarity of this series of compounds is further
Interestingly, this series displays only a moderate red shift as reflected in CV studies of the isocyanides, both in solution and in
the length of the conjugated system increases, as judged by ultrathe form of a self-assembled monolayer (SAM) on a Pt working
violet and fluorescence spectroscopy (Table 1). While the UV glectrode. The first oxidation potentials in solution (which are
maxima exhibit a small but steady shift to the red with increasing comparable to those previously reported for oligothioph&hes
molecule length, the red-shifting trend in emission appears to plateaudismay a slight decrease (become more easily oxidized) as the
after1c, furthermore, the sizable and relatively constant Stokes shift mglecules become longer, but in the SAM they appear to be more
of ~130 nm is larger than that observed for thiophene systems of gjfficult to oxidize as molecule size increases. Despite this, the
similar length but different alkylation pattethThis is likely due absolute differences are small, possibly because ground state
to the sensitivity of conjugation length in the ground state to steric tyjsting of the backbone renders these differently sized molecules
environment. TheS-branching alkylation pattern may cause the glectronically similar. The critical observation, however, is that the
oligothiophene backbone to twist, breaking conjugation and leading oligothiophene isocyanides not only bind to platinum but also can
to larger ground-state electronic energy separations (smialigr be electrochemically chargd#las would be required in a device
than would be expected for conjugated systems of these lengths fgrmat.
Emission spectra, however, are in line with literature values, |nfrared spectroscopic examination dB—d confirmed the
indicating a conjugatively stabilized system that stretches over installation of the isocyanide functional group by the presence of
3.5-5 nm. a characteristic CN stretch at 2118 timUnequivocal evidence

T Current address: Department of Chemistry, The Ohio State University, for platinum binding is provided by a CN ban.d shift .to hlgher
Columbus, OH 43210. wavenumbers (2170 crd) upon treatment of isocyanide with
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Figure 2. Representative overlaid transmission infrared spectrurhbof
on CaF; before treatment with platinum nanoparticles (2118 §nand after

platinum nanoparticles (2170 c?). The isocyanide region is shown on

the left, and the unperturbed thiophene region is shown on the right.

L L L L
275 | J
b=y [ ]
T 22 | J
& A
3}
=165 | 4 J
- [ ]
1.1 L ¢ J
1 1 1 1

6 18

10 .14
number of rings
Figure 3. Plot of logarithm of the ratio of XPS signal intensity of carbon

to Pt4d electrons®) and Pt4f electronsa() against the number of rings in
la—d. Lines shown are the respective linear regression fits of each data

set. Each data point is the average of three measurements in different areas

of the surface; error bars are not visible at this scale.

organic solvent soluble platinum nanoparticlésndicating the
formation of an isocyanideplatinum bond (Figure 2). Isocyanide
functionality also proved to be essential for effective coverage of
platinum surfaces from X-ray photoelectron spectroscopy (XPS)
analysis of oligothiopheneka—d deposited on evaporated Pt films,
suggesting chemisorption through isocyanigéatinum coupling
rather than nonspecific modes of surface deposition.

XPS further revealed a positive correlation between molecular
size and film thickned8 (Table 1, Figure 3); the longer the
oligothiophene, the larger the ratio between the carbon (molecule)
signal and the substrate (Pt) signal. The relationship between film
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